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Special edition 1, 2015 Soil governance 2 each year. 6 Acidification is common in intensive systems of landuse and is considered to be limiting biomass production in some regions in Australia -though there is uncertainty over acidification trends in the tropical savannahs. Soil carbon losses are a major outcome of degrading soil condition, with soil acidification a particularly major constraint on the capacity of soil to store carbon.
Until recently, the store of carbon across the Australian continent was largely unknown due to a lack of adequate monitoring systems. However, recent mapping by CSIRO 7 has derived spatially explicit estimates (with uncertainties considered) of the distribution and stock of organic carbon in the soils of Australia in 2010.
The results of this mapping indicates that the average amount of organic carbon in the Australian topsoil is 29.7 tonnes per hectare with the total stock of organic carbon in the top 0 to 30 cm layer of soil being 24.97 gigatons. Australia's organic carbon store in the soil represents approximately 3.5 per cent of total organic carbon in the upper 30 cm of soil worldwide, which is a significant contribution to the global carbon cycle. The largest soil organic carbon stores per hectare are found in the cool, temperate zones of Australia where the regions fringe coastlines and experience wetter conditions than found inland. The South Australian coastline is an exception -having the least organic carbon due to large areas of desert. The northern and western regions of Australia, coupled with other regions exposed to Mediterranean, subtropical and tropical climates have only low organic carbon stores.
Carbon stores are influenced by length of time since native vegetation clearance. Large areas of Australia are on a declining trend of soil carbon due to continuing land clearance. CSIRO predicts that, particularly, regions with intensifying landuse systems will have decreased carbon stores, as will regions with a projected drying climate. Savannah regions, however, have the capacity for increasing carbon stores if there are changes in landuse practices and fire regimes. CSIRO's research 8 offers a baseline to work from for monitoring the carbon dynamics of Australian soils and to inform and monitor carbon sequestration strategies and landuse practices.
SoE 2011 identified the key factors affecting the rate of soil erosion to be loss of ground cover and poor agricultural landuse practices. Soil erosion by water at the current rate exceeds soil formation rates (ranging from factors of hundreds to thousands), resulting in the half-life of soil potentially ranging from less than a century to several hundred years in various agricultural upland regions. SoE 2011 also estimates that up to 10 million hectares of land could have less than 500 years until the more fertile topsoil is lost to erosion, with most of this threatened land occurring in Australia's humid subtropical zones.
9
Salinisation poses a serious threat to native species, ecological communities and functioning ecosystems. Soil salinity occurs when the water table rises (eg, as a result of land clearing and replacement of trees and other deep-rooted native vegetation with shallow rooted vegetation) and results in natural soil salts rising to the surface poisoning plants and, in some cases, animals. The ABS 10 estimates that 5.7 million hectares in Australia have a high potential to develop salinity with this potentially increasing to 17 million hectares by 2050 if there is no action to halt the practices contributing to salinity. Around 20 000 farms and two million hectares of agricultural land already show evidence of salinity. Not only does salinisation affect agricultural productivity, it also adversely affects biodiversity through loss of habitats. For example, there has been a significant decrease in the number of wetland bird species in the wheat belt in Western Australia due to salinity impacts.
Results from recent research on the state of Australian soil, considered through the lens of the four main processes of carbon dynamics, erosion, acidification and salinity, indicate there is an urgent need to develop a soil conservation program for Australia, to be implemented as a national priority. 11 If such a program were to be developed and implemented, who needs to be involved? Or, perhaps, a better initial question is: how is the soil resource currently being governed? The following sections provide an overview of current soil resource managers and governance arrangements in Australia. There are approximately 134 000 farm businesses in Australia; most are family owned and operated. 15 The majority of farms are relatively small: 36 per cent at 50 hectares or less; 36 per cent between 50 and 500 hectares, and around 100 massive farms over 500 000 hectares. In terms of annual total farm value, approximately 40 per cent of Australian farm businesses produce $50K or less; 15 per cent produce $50-$99K; 15 per cent produce $100K-$199K; 18 per cent produce $200K -$499K; 7 per cent produce, $500K -$999K; and 5 per cent produce $1000K. 16 Farming activities are diverse, as shown in Table 3 . The agricultural sector at the farm-gate contributes 3 per cent towards Australia's total gross domestic product (GDP), exemplified by the gross value of Australian farm production in 2010-11 being $48.7 billion with farm exports of $32.5 billion in 2010-11. If value-adding processes and other values of economic activities supporting farm production through farm inputs are considered, the agricultural contribution to GDP is around 12 per cent ($155 billion). Interestingly mining exports in the year to March 2011 were worth $155 billion, or around 12 per cent of GDP (however value-adding processes have not been considered in this figure).
12 ABS, 'Regional Population Growth, Australia, 2012-13' (no 3218.0, 2014). Agriculture employed around 307 000 in 2011 whilst mining employed 217 000. 18 Even though GDP and exports from Australian agriculture has contributed to the country's wealth since European settlement, a collective debt in the form of land and soil degradation is compounding (see Table 4 ). Based on the above figures for GDP and exports, it appears that degraded soil and land has cost Australia $5.749 billion or almost 12 per cent of the GDP. Is there an equitable sharing of that collective compounding debt of degradation that is occurring, predominantly, in regional and remote Australia? With agriculture dominating use of Australia's landmass, the advent of relatively new environmental laws over the last 15 years (such as native vegetation laws, threatened species laws, water sharing plans and environmental water requirements) has resulted in farming communities also becoming the main stewards of Australia's natural resource base. These stewardship requirements occur in a sparsely populated country where the majority of the population reside near and around capital cities, and in a market environment where Australian farmers are 'among the least subsidised in the world, the least supported in the world'; producer support of Australian farmers is 3 per cent, the second lowest in the OECD. 20 Australia is considered one of the world's most efficient agricultural producers but, realistically, it is doubtful that the unsupported farming businesses in Australia can simultaneously meet expectations to grow GDP and undertake public good natural resource management. 
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The following section will provide a background of soil governance in Australia to provide context to the issues currently affecting Australian soils and farming communities.
Soil governance in Australia
The colonisation of Australia from 1788 by Europeans brought many land management practices that were incompatible with Australia's weathered soils and native vegetation. Since the early 1800s, concerns have been raised about the degradation of catchments, land clearing 27 and loss of habitat; 28 however, European landuse practices continued to dominate. The first soils management regulation was promulgated in the early colony days -in1803 -concerning the impact of tree clearing: The Acclimatization Societies in Australia had little understanding of the different ecosystems and climates they were attempting to develop in the 1800s, as Bennett eludes:
From a soil producing only a few fruits barely edible, the aborigines merely subsisting on the precarious supply of food, obtained by hunting or fishing, we now obtain by Acclimatisation a large Australia's current soil's governance system consists of: a mix of grant programs; bilateral agreements; legislation; policies and strategies; advocacy; and science-data-research systems. The mix reflects the 'federated' approach to NRM in Australia, which is a legacy of the 1930s and is supported by a voluntary basis of custodianship of natural resources. However, this is undermined by the lack of sufficient legal safeguards and by the dominant market-driven agenda of the commodification of natural resources that continues as a major driver of unsustainable land management. Based on the FAO definition of 'policies and strategies and the processes of decision making by nation states and local governments on how the soil is utilised', 44 Figure 1 (overpage) presents an overview of the main elements (with a few examples) constituting the current approach to soil governance in Australia. It can only be surmised that the cooperative federalism arrangements of these elements are assumed by governments (in their design) to tackle soil conservation and restoration.
However, there appears a cooperative federalism 'dysfunction' occurring with soil governance in Australia.
The following section will demonstrate this challenge through a discussion of a case in the Liverpool Plains of NSW.
The Liverpool Plains, Australia
The Liverpool Plains is situated in the northwest of NSW and is commonly referred to as the nation's food bowl, producing 37 per cent of Australian cereal crops from a relatively small area of 1.2 million hectares. Apart from its abundant agricultural production, the area has significant water 45 and biodiversity assets.
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Despite being known for these nationally significant agricultural, biodiversity and water assets, the Liverpool Plains is currently a battleground of multiple coal mining and coal seam gas extraction interests, 47 The suite of soil governance elements at play
The means for this land-use conflict to be negotiated is through a suite of soil governance elements as presented in Figure 1 . As discussed earlier, the lack of a coordinated approach to data management leaves much of the natural resource base under-defined, mapped, categorised and understood. In the case of the Liverpool Plains agriculture versus mining landuse conflict, the science is largely driven through the legal planning processes that demand a market-driven approach through an Environmental Impact Statement (EIS), with short time frames and limited legal standing provisions (despite the formation of the statutory based Planning Assessment Commission (PAC) in 2008). Alternative science is often contracted by landholders in the region (at great expense) in an attempt to balance the scientific debate:
So, I suppose from an irrigators perspective we think we're fairly closely monitored with monitoring bores which are throughout the area and when we have a consultant that says, 'This is what I would've done if I'd been trying to work out a figure for that, not just got a conceptual model', and then, you know, like as an irrigator you go, 'Well, why didn't they do that?' and we -you know -we put that in our submission and the PAC looked at it and then eventually went, well, the model -the miner's model's a conceptual model and we'll just believe that.
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The advocacy groups involved in this case study region are diverse. Collaborations are from unlikely sectors, including peak farming lobby groups, Aboriginal Land Councils, Industry groups, community based nongovernment organisations, faith-based groups and environmental organisations. The style and type of advocacy appear to be determined by the planning and mining law processes, which are largely adversarial with the law supporting the high-consuming users of the region's natural resources. 50 The various policies and strategies that are relevant in this case study region include: Note that the NSW State Government, apart from being the legislator for natural resource protection, also benefits from the windfall of mining royalties for the state. Grants and capacity building relevant in the Liverpool Plains includes many decades of predominantly private landholder and public investment in biodiversity, agricultural and water assets, including many of the grants and programs listed in Figure 1 .
The current dysfunctional system of Australian federalism can be exemplified in the proposed BHP Caroona Coal Project 52 within the Liverpool Plains, which has the potential to be the largest coalmine in the world. The following discussion will present how the interactions of science, advocacy, policies, strategies, legislation, bilateral agreements and government programs are perpetuating unsustainable outcomes by the lack of protection of high quality agricultural soils of the Liverpool Plains and the very rural communities who manage these soils. The environmental approvals process has recently begun for the Caroona Coal Project with a test of the much-criticised 'Gateway' 53 process of the NSW SRLUP. Such detailed consideration through the gateway process is only possible if land that is subject to a proposed development falls under the zoning of BSAL as determined by mapping undertaken by the NSW Government. 54 Areas proposed by the Caroona Coal project fall under the BSAL criteria and, hence, became subject to the Gateway Process.
In April 2014, the IESC was requested by the NSW Mining and Petroleum Gateway Panel to provide advice on the Caroona Coal Project. The IESC's advice to the decision maker on the Caroona Coal Project in May 2014 55 identified the lack of information provided by the applicant to the IESC to enable a 'robust' assessment of impacts on water resources. The lack of adequate information and evidence provided by the applicant resulted in consistent concerns raised about the uncertainty of the impacts on groundwater, groundwater dependent ecosystems, subsidence, surface water, ecological assets and water infrastructure, to name a few. The very brief document refers to 'uncertain' eight times and to the lack of 'evidence' four times. Especially concerning is the lack of data, monitoring programs and deficient modelling presented; evidence of the science hubris and insufficient legal safeguards 56 that dominate the current natural resource governance regimes in Australia.
Further, the July 2014 report to the decision-maker by the Mining and Petroleum Gateway Panel to accompany a 'Conditional Gateway Certificate for the Caroona Coal Project' 57 found that the application did not meet all of the relevant criteria:
The lack of site-specific data and analysis of the likely behaviour of the surface overlying the long wall panels provided by the Applicant is a hindrance to the Panel's assessment and level of certainty with respect to mining impacts related on BSAL within and adjoining the PAA (Project Boundary Area).
The panel also raised concerns about: impacts to highly productive aquifers and the cumulative impacts that have not been considered; the direct and significant impacts on agricultural productivity of BSAL within and adjacent to the project area; and the potentially significant indirect impacts on groundwater. Insufficient information was provided by the proponent to enable the Panel to be confident in the applicant's predictions.
Nevertheless, the Panel issued a Conditional Gateway Certificate. This is because they are only vested with the ability to either issue a certificate with conditions, or without. Despite claims by the NSW Government that the Caroona Coal project process still has a way to go through to a full development application, both the partnership agreement and Gateway only provide processes to inform the regulator who, ultimately, makes the decision. The diverse stakeholders of the Liverpool Plains, who are opposed to mining in these high valued agricultural and biodiverse landscapes, now find themselves vindicated by two independent reports. Yet both levels of Government remain entrenched in dysfunctional federalism, lacking leadership in adequately protecting vital agro-ecological zones in Australia (and the communities that underpin them) that are ultimately national and internationally important food systems.
French 58 warned of such dangers of a potential unitary federation in Australia due to a complex and dysfunctional federalism, which could lead to greater centralisation, less accountability and perverse implications for local communities. The Australian Government Minister for Agriculture claimed, in relation to the Caroona Coal Project Gateway outcome, 'I can't do anything about it, it's the role of the state 53 If land has been mapped as biophysical strategic agricultural land (BSAL), then any proposal will be subjected to an additional level of scrutiny via a gateway process that includes an independent, upfront and scientific assessment of the land and water impacts of the proposal undertaken by an independent panel of scientific experts before a development application can be lodged. However, the expert panel only has powers to approve an application with conditions or without conditions. 54 For details on the site verification for BSAL, see the interim protocol at <http://www. 62 and the regulation of fisheries zones. 63 While there have been some criticisms of these processes, they do provide evidence of where industries have been regulated with 'no go zones' in the interests of the nation to ensure public good natural resources are protected. For the protection of soil, the question needs to be asked: Why are not there 'no go zones' for mining? What is ironic in the Liverpool Plains is the clearing of forests for mining development that were banned from logging through the RFA process in the 1990s and set aside for conservation purposes. 64 Such contradictory government policies have undermined private landholder conservation efforts (the actual intention of many Government programs and strategies such as Caring for Our Country and the National Landcare Program to protect soils, biodiversity and water quality).
Social justice ' We're going to get our 30 days, we're community members, you know, we're going to be landed with a document that's probably 4000 pages, that's social injustice, I think'. 65 The current dysfunctional federalism in Australia is passing the costs and burdens to the very communities who are the soils custodians, providing food and managing the landscape on behalf of all Australians. The transactions costs identified by communities in participating in these processes are enormous and destructive. 66 Governments were once responsible for providing the science and certainty. Now, in an apparent cost shifting exercise, they obtain the science from development application processes. Development application processes often use conceptual models. Can such models really be classified as science? 67 How can the current system be a fair, balanced, sustainable and transparent system? The Caroona Coal project exemplifies how science 'shopping' by developers, in the absence of adequate baseline data, can push through developments that would be questionable in other circumstances. Changes in legislation 68 have resulted in responses to community concerns being supported by the courts, thus entrenching the marginalising pattern. It could be only a matter of time before the international community starts questioning Australian governments in relation to violations of international obligations. 69 'There's a key word missing in … governance at the moment; it's integrity'.
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A way forward
The Liverpool Plains case study exemplifies the urgent need to operationalise sustainability into policy and law practice. 71 The Gateway Process in the Caroona Coal project demonstrates how policy and planning does not gas company or a mining company impacts on my aquifer, the burden of proof rests with me so that must change first and foremost'. 72 Reforms in forestry, water, native vegetation and fisheries in Australia since the 1990s only occurred because of ongoing community and industry concerns about environmental management, natural resource commons and resource security and a responsive government (particularly at the federal level), who, through a functional approach to cooperative federalism, used effective bilateral agreements, grants/programs, adequate science and natural resource law and policy reforms. To support, recognise and protect Australian rural and remote communities and the soil resources they steward, the definition of 'sustainable agriculture' in Australia in the 21 st Century needs to be revisited: it needs to reflect sustainable food, fibre and the very ecosystems and human communities that underpin these services. The last attempts to define sustainable agriculture for Australia was in 1997 73 and 1998, 74 which failed to operationalise sustainable agriculture and recognise sustainable land managers and their communities. A suggestion recently in Parliament 75 to explore a Landcare certification system has merit because this could provide recognition 76 at the farm gate and along the value chain of ecosystem farming approaches that have benefits for all Australians.
Figure 1 attempts to illustrate the elements at play in soil governance in Australia and the many examples currently utilised to navigate and negotiate sustainable soils outcomes. However, the results are concerning, particularly in the new forms of landuse conflict, such as mining versus agriculture -as the case study highlighted. How might these elements be harmonised and coordinated so that the self-interest of states and territories do not override matters of public interest? A starting point would be to initiate a major national reform for the protection of soils in Australia modeled on the RFA process of the 1990s. A moratorium on mining activities is required in the public interest, again based on the same principles -such moratoriums were imposed on other industry sectors such as forestry and farming in the 1990s and 2000s -until a comprehensive, adequate and representative study is undertaken to determine the national soils resources required to be set aside from inappropriate landuses. For a consistent national approach, the Australian Government needs to take leadership through COAG and create incentives and collaborations to ensure consistency and harmonisation in the various elements of soil governance in Australia. Such an approach needs to be equitable, participative, resourced and transparent, with the intention of creating a permanent nationally consistent zoning system for the protection of soils in Australia, and fairer more equitable environmental law systems that address the many social justice and equity issues facing our rural communities where the burden of proof is wrongly imposed on the protectors of the country's natural resources.
